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New physics field content in the nature, more specifically, from spin–1 resonances sourced by the
extension of the SM local gauge symmetry to the larger local group SU(2)L⊗SU(2)R⊗U(1)B−L, may
induce CP–violation signalling NP effects from higher energy regimes. In this work we completely
list and study all the CP–violating operators up to the p4–order in the Lagrangian expansion, for a
non–linear left–right electroweak chiral context and coupled to a light dynamical Higgs. Heavy right
handed fields can be integrated out from the physical spectrum, inducing thus a physical impact
in the effective gauge couplings, fermionic electric dipole moment, and CP-violation in the decay
h→ ZZ∗ → 4 l that are briefly analysed. The final relevant set of effective operators have also been
identified at low energies.
I. INTRODUCTION
The Standard Model (SM) has been finally established as
a coherent and consistent picture of electroweak symme-
try breaking (EWSB) after the LHC experimental con-
firmation of a new scalar resonance [1, 2] in our nature,
that resembles the long ago proposed Higgs boson parti-
cle [3–5]. Nevertheless, new physics (NP) effects are still
awaiting to be detected as it is demanded by the long–
standing hierarchy problem in particle physics. Among
those possible NP manifestations, CP–violating low en-
ergy effects could prove the existence of higher energy
regimes, reachable and detectable at the LHC and fu-
ture facilities. Indeed, the electroweak interactions tak-
ing place in our nature do not conserve completely the
product of the charge conjugation and parity symme-
tries of particle physics. Moreover, the observed matter–
antimatter asymmetry of our universe compel us to con-
sider new sources of CP–violation, that are signalled as
well by the extreme fine-tuning entailed by the strong CP
problem.
Phenomenological analysis pursuing effective signals
have been performed [6–43] in order to search for anoma-
lous CP–odd fermion–Higgs and gauge–Higgs couplings.
Complementary studies from the theoretical side are very
relevant to establish and analyse the complete set of in-
dependent CP–violating bosonic operators, as they may
shed a direct light on the nature of EWSB and pinpoint
NP effects from higher energy regimes.
Motivated by these tantalizing and challenging
prospects, this work copes with the possibility for de-
tecting non–zero CP–violating signals arising out from
some emerging new physics field content in the nature,
more specifically, from spin–1 resonances brought into
the game via the extension of the SM local gauge sym-
metry GSM = SU(2)L ⊗ U(1)Y up to the larger local
group G = SU(2)L⊗SU(2)R⊗U(1)B−L (see [44, 45] for
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left-right symmetric models literature). Such extended
gauge field sector is tackled here through a systematic
and model-independent EFT approach. The basic strat-
egy is to employ a non–linear σ–model to account for the
strong dynamics giving rise to the GB, that is the W±L
and ZL longitudinal components that leads to introduce
the Goldstone scale fL, together with the corresponding
GB from the extended local group, i.e. the additional
W±R and ZR longitudinal degrees of freedom and the
associated Goldstone scale fR. Finally, this non–linear
σ–model effective Lagrangian is coupled a posteriori to
a scalar singlet h in a general way through powers of
h/fL [46], being the scale suppression dictated by fL, as
it is the scale where h is generated as a GB prior to the
extension of the SM local group GSM to the larger one
G.
In this work we analysed the physical picture of spin–
1 resonances dictated by the larger local gauge group G,
with an underlying strong interacting scenario coupled to
a light Higgs particle, via the non–linear EFT construc-
tion of the complete tower of pure gauge and gauge-h op-
erators up to the p4–order in the Lagrangian expansion
and restricted only to the CP non–conserving bosonic
sector. The corresponding CP–conserving counterpart
was recently analysed in [47]. The work in here enlarges
and completes the operator basis previously considered
in [48, 49] (for the CP–breaking sector) in the context of
left–right symmetric EW chiral models, completing and
generalizing also the work done in [50–54] (for the CP–
violating sector), and it extends as well [55] to the case of
a larger local gauge symmetry G in the context of non–
linear EW interactions coupled to a light Higgs particle.
The theoretical framework undertaken in here may be
considered as well as a generic UV completion of the low
energy non–linear approaches of [50–54] and [55].
II. THEORETICAL FRAMEWORK
The transformation properties of the longitudinal de-
grees of freedom of the electroweak gauge bosons will
be parametrized at low-energies as it is customary via
2the dimensionless unitary matrix U(x), more specifi-
cally through UL(x) and UR(x) for the symmetry group
SU(2)L ⊗ SU(2)R, and defined as
UL(R) (x) = e
i τa pi
a
L(R)(x)/fL(R) , (1)
with τa Pauli matrices and πaL(R)(x) the corresponding
Goldstone bosons fields suppressed by their associated
non–linear sigma model scale fL(R), where the scale fR
comes from the additional Goldstone boson dynamics in-
troduced by SU(2)R group. It is customary to introduce
the corresponding covariant derivative objects for both
of the Goldstone matrices UL(R)(x) as
DµUL(R) ≡
∂µUL(R) +
i
2
gL(R)W
µ,a
L(R) τ
a
UL(R) −
i
2
g′BµUL(R) τ
3 .
(2)
with the SU(2)L, SU(2)R and U(1)B−L gauge fields de-
noted byW aµL ,W
aµ
R and B
µ correspondingly, and the as-
sociated gauge couplings gL, gR and g
′ respectively. Ad-
ditionally, it is straightforward to introduce in the frame-
work the adjoints SU(2)L(R)–covariant vectorial V
µ
L(R)
and the covariant scalar TL(R) objects as
V
µ
L(R) ≡
(
DµUL(R)
)
U
†
L(R) , TL(R) ≡ UL(R) τ3U†L(R) ,
(3)
covariantly transforming all them under local transfor-
mations of the larger group G.
Notice that the local gauge invariance of the theory
allows to build operators made out of traces depending
either on products of purely left-handed or right-handed
covariant objects. As soon as the operators mixing the
left and right-handed structures are considered, new co-
variant objects emerge to fully guarantee their construc-
tion. In fact, considering for instance the simple trace
Tr
(
OiLOjR
)
mixing the left and right–handed covari-
ant objects OiL and OiR respectively (with i labelling
either a scalar, vector, or tensor object), the gauge in-
variance no longer holds. Proper insertions of the Gold-
stone matricesUL andUR will make it invariant through
Tr
(
OiLOjR
)
→ Tr
(
U
†
LOiLULU†ROjRUR
)
, motivating
thus the introduction of the following objects
O˜iL ≡ U†LOiLUL , O˜iR ≡ U†ROiRUR , (4)
that are required hereafter for the construction of op-
erators made out of mixed SU(2)L and SU(2)R co-
variant structures. Notice that under the local G–
transformations
L(x) ≡ e i2 τaαaL(x), R(x) ≡ e i2 τaαaR(x), UY(x) ≡ e i2 τ
3α0(x)
(5)
with αaL,R(x) and α
0(x) space-time dependent variables
parametrizing the local rotations, the new defined objects
in Eq. (4) are transforming as
O˜iL → UY O˜iLU†Y , O˜iR → UY O˜iRU†Y (6)
The corresponding definitions in (4) for the covariant vec-
torial VµL(R) and the scalar TL(R) objects in (3) are
V˜
µ
L(R) ≡ U†L(R) VµL(R)UL(R) = −
(
DµUL(R)
)†
UL(R) ,
(7)
T˜L(R) ≡ U†L(R)TL(R)UL(R) = τ3 , (8)
where the unitary property of the Goldstone matrices
UL(R) has been employed in addition. Similar definitions
for the strength gauge fields WµνL(R) are straightforward
W˜µνL(R) ≡ U†L(R)WµνL(R)UL(R) . (9)
It is possible to infer therefore the mandatory introduc-
tion of the covariant objects O˜iL(R) in order to construct
any possible operator mixing the left and right-handed
covariant quantities OiL(R). As it was realized in [47],
operators made out of products of purely left or right-
handed covariant quantities can be constructed out also
via the covariant objects O˜iL(R) defined in Eq. (4). Hence-
forth the set {V˜µL(R), T˜L(R)} (together with Eq. (9))
will make up the building blocks for the construction
of the effective EW non–linear left-right CP–violating
approach undertaken in this work, whose correspond-
ing CP–conserving counterpart was already explored in
Ref. [47]. Construction that will be enlarged after ac-
counting for all the possible gauge-Higgs couplings aris-
ing out in this scenario via the generic polynomial light
Higgs function F(h) [56], singlet under G, and defined
through the generic expansion
Fi(h) ≡ 1 + 2 ai h
fL
+ bi
h2
f2L
+ . . . , (10)
with dots standing for higher powers in h/fL [46], not
considered below. The scale suppression for each h–
insertion is dictated by fL, as it is the scale where h
is generated as a GB prior to the extension of the SM
local group GSM to the larger one G. Gauge–h interac-
tions will arise by letting the non–linear operators to be
coupled either directly to F(h) or through its derivative
couplings, e.g. via ∂µF(h), (∂µF(h))2, ∂µF(h) ∂µF(h)
and ∂µ∂µF(h). Thus the building blocks set gets com-
plemented by accounting for all the possible interactions
fromF(h) and its corresponding derivative couplings, un-
der the assumption of a CP–even behaviour for h.
The local gauge symmetry G has been demanded
throughout the non–linear effective approach considered
up to now. Another relevant symmetry emerges once the
initial SM local group GSM is enlarged to G and related
with the exchange of the left and right–handed compo-
nents of the group SU(2)L⊗SU(2)R : the discrete parity
symmetry PLR, useful for protecting the Zbb¯–coupling
from large corrections in the context of composite Higgs
models [57], and helpful in here for bringing more effec-
tive operators in the scenario as it will be realized when
listing the operators afterwards.
3The CP-violating set-up described in the next section
follows the dynamical Higgs scenario in [55, 56, 58, 59]
(see also [61, 62], and for a short summary [63]), as well
as the left-right bosonic1 CP-conserving picture in [47].
III. THE EFFECTIVE LAGRANGIAN
The effective CP–violating NP contributions from the
strong dynamics assumed in here will lead to non-zero
departures with respect to the SM Lagrangian L0 and
will be encoded in the Lagrangian Lchiral through
Lchiral = L0 + L0,LR + ∆L✟CP + ∆L✟CP,LR . (11)
Concerning only the bosonic interacting sector, the first
piece in Lchiral reads as
L0 = −1
4
Bµν B
µν − 1
4
W aµν, LW
µν, a
L −
1
4
Gaµν G
µν, a+
+
1
2
(∂µh)(∂
µh)− V (h)− f
2
L
4
Tr
(
V
µ
LVµ,L
)(
1 +
h
fL
)2
+
− g
2
s
32 π2
θs ǫ
µνρσ Gaµν G
a
ρσ ,
(12)
providing the SM strength gauge kinetic terms canoni-
cally normalized in the first line, whereas h–kinetic terms
and the effective scalar potential V (h) triggering the
EWSB from the first two terms at the second line, plus
theW±L and ZL masses
2 and their couplings to the scalar
h together with the GB–fermion kinetic terms from the
remaining piece in the second line of Eq. (12). Finally,
the last term in Eq. (12) corresponds to the well-known
total derivative CP-odd gluonic coupling. Notice that the
SU(2)L–kinetic term and the custodial conserving p
2–
operator Tr (VµVµ) have been properly labelled in order
to keep clear the notation according to the assumed local
symmetry group G. GB–kinetic terms are already canon-
ically normalized from the scale factor of Tr (VµLVµ,L),
in agreement with UL–definition of Eq. (1).
Non–zero NP departures with respect to those from
L0 will play a role into the game once the symmetric
counterpart sourced by the corresponding local SU(2)R–
extension is called in, being encoded through the remain-
ing pieces of Lchiral Eq. (11), focused only on the CP–
violating operators, and defined by
• L0,LR: accounting for all of the possible p2–
operators mixing the left and right handed-
covariant objects,
1 See [59–61, 64, 65] for non–linear analysis including fermions.
2 As long as the corresponding right handed and mixed left–right
handed terms are regarded, as in Ref. [47], mass mixing terms
either for the neutral or charged sector are induced [69].
• ∆L✟CP: encoding all those operators up to the
p4–contributions made out of purely left or right
handed covariant objects, and
• ∆L✟CP,LR: parametrising any possible mixing in-
teracting terms between SU(2)L and SU(2)R–
covariant objects up to p4–operators permitted by
the underlying left-right symmetry.
It is worth to comment that at the LO p2–order, the cor-
responding CP–violating SU(2)R–strength gauge kinetic
term would be encoded in the Lagrangian L0,R, turns
out to be proportional to a cuadridivergence, being thus
disregarded from the Lagrangian Lchiral in Eq. (11). As
soon as the light Higgs couplings are switched on through
F(h) in (10), such SU(2)R kinetic term has to be retained
in the effective approach as it will be done later soon.
A. SU(2)L − SU(2)R p
2–interplay: L0,LR
The LO p2–Lagrangian for the SU(2)R–extension of the
framework brings operators made of mixed products of
left and right–handed objects via the covariant objects
O˜L(R) defined in Eq. (4), specifically from V˜µL(R), T˜L(R)
and W˜µνL(R) defined in Eqs. (7), (8) and (9) respectively.
In fact, the p2–interplaying Lagrangian for such contri-
butions is parametrized by
L0,LR = −1
2
ǫµνρσTr
(
W˜µνL W˜
ρσ
R
)
. (13)
Contrary to the case of either the left or right handed
strength gauge kinetic terms, the latter operator has to
be maintained in the effective Lagrangian, as it can not
be traded by a cuadridivergence due to the mixed fields
involved in Eq. (13).
At higher orders in the momentum expansion more
interactions are sourced by the local symmetry group G,
part of them accounted by the third piece of Lchiral in
Eq. (11), i.e. ∆L✟CP, and described in the following.
B. G–extension of L0 + L0,LR: ∆L✟✟CP
∆L✟CP describes deviations from the LO Lagrangian
L0 + L0,LR, encoding all the possible CP–violating
gauge–h interactions up to p4–operators, and are split
in here as
∆L✟CP = ∆L✟CP,L +∆L✟CP,R (14)
with the suffix L(R) labelling all those operators built up
via the SU(2)L(R) building blocks provided in Section II.
In the context of purely EW chiral effective theories cou-
pled to a light Higgs, the first contribution to ∆L✟CP, i.e.
∆L✟CP,L, has already been provided in Refs. [55], whereas
part of ∆L✟CP,L and ∆L✟CP,R were already analysed for
the left–right symmetric frameworks in Refs. [48, 49].
4Both of the contributions in Eq. (14) can be correspond-
ingly written down as
∆L✟CP,L =
cG SG(h) + cB SB(h) +
∑
i={W,2D}
ci,L Si,L(h) +
16∑
i=1
ci,L Si,L(h)
(15)
and
∆L✟CP,R =
∑
i={W,2D}
ci,R Si,R(h) +
16∑
i=1
ci,R Si,R(h),
(16)
where the coefficients cB, cG and ci,χ, (with χ standing
for χ = L,R) are model–dependent constant coefficients,
whilst the first three terms of ∆L✟CP,L in Eq. (15) and
the first term in Eq. (16) can be jointly written as
SG(h) = −1
4
g2s ǫ
µνρσ Gaµν Gaρσ FG(h) ,
SB(h) = −1
4
g′2 ǫµνρσ Bµν Bρσ FB(h) ,
SW,χ(h) = −1
4
g2χ ǫµνρσ Tr
(
Wµνχ W
ρσ
χ
)
FW,χ(h) ,
S2D,χ(h) = i f
2
L
4
Tr
(
TDµVµχ
)
F2D,χ(h) ,
(17)
with suffix χ labelling again as χ = L,R, and the
generic Fi(h)–function of the scalar singlet h is defined
for all the operators following Eq. (10). The Higgs–
independent terms are physically irrelevant for operators
SB(h), SW,χ(h) and S2D(h) as the first two operators can
be written in terms of a cuadridivergence and the latter
one turns out to be vanishing after integration by parts.
The covariant derivative Dµ of a field transforming in the
adjoint representation of SU(2)L is defined as
DµVνχ ≡ ∂µVνχ + i gχ
[
Wµχ ,V
ν
χ
]
, χ = L,R . (18)
The complete linearly independent set of 16 CP–violating
pure gauge and gauge–h non-linear G–invariant operators
and up to the p4-order in the effective Lagrangian expan-
sion, are encoded by Si, L(h) (fourth term in ∆L✟CP, L,
Eq. (15)) and have completely been listed in Ref. [55].
On the other hand, the symmetric counterpart extend-
ing the aforementioned set Si, L(h) and accounting for
all the possible CP–violating pure gauge and gauge–h
interactions up to the p4–operators is described by the
complete linearly independent set of 16 operators Si, R(h)
(second term in ∆L✟CP, R of Eq. (16)), therefore in total
one has 32 non-linear operators, among the which, 20 of
them (10 Si, L(h) + 10 Si, R(h)) had already been listed
in Refs. [48, 49]. In here 12 additional operators have
been found (6 Si, L(h) + 6 Si, R(h)) and naturally pro-
moted by the symmetries of the model (together with the
PLR–symmetry), such that the whole tower of operators
making up the basis {Si, L(h), Si, R(h)} is given by:
S1, χ(h) = gχ g′ ǫµνρσ Bµν Tr
(
TχW
ρσ
χ
)
F1, χ(h) , S9(h) = i gχ ǫµνρσ Tr
(
TχW
µν
χ
)
Tr
(
TχV
ρ
χ
)
∂σF9,χ(h) ,
S2,χ(h) = i g′ ǫµνρσ Bµν Tr
(
TχV
ρ
χ
)
∂σF2,χ(h) , S10,χ(h) = iTr
(
V
µ
χDνVνχ
)
Tr
(
TχVµ, χ
)
F10,χ(h) ,
S3,χ(h) = i gχ ǫµνρσ Tr
(
Wµνχ V
ρ
χ
)
∂σF3,χ(h) , S11,χ(h) = iTr
(
TχDµVµχ
)
Tr
(
V
ν
χVν, χ
)
F11(h) ,
S4,χ(h) = gχTr
(
Wµνχ Vµ, χ
)
Tr
(
TχVν, χ
)
F4,χ(h) , S12,χ(h) = iTr
(
[Vµχ,Tχ]DνVνχ
)
∂µF12,χ(h) ,
S5,χ(h) = iTr
(
V
µ
χV
ν
χ
)
Tr
(
TχVµ, χ
)
∂νF5,χ(h) , S13,χ(h) = iTr
(
TχDµVµ, χ
)
∂ν∂νF13,χ(h) ,
S6,χ(h) = iTr
(
V
µ
χVµ, χ
)
Tr
(
TχV
ν
χ
)
∂νF6,χ(h) , S14,χ(h) = iTr
(
TχDµVµ, χ
)
∂νF14,χ(h) ∂νF ′14,χ(h) ,
S7,χ(h) = gχTr
(
Tχ
[
Wµνχ ,Vµ, χ
])
∂νF7,χ(h) , S15,χ(h) = iTr
(
TχV
µ
χ
)(
Tr
(
TχV
ν
χ
))2
∂µF15,χ(h) ,
S8,χ(h) = g2χ ǫµνρσ Tr
(
TχW
µν
χ
)
Tr
(
TχW
ρσ
χ
)
F8,χ(h) , S16,χ(h) = iTr
(
TχDµVµ, χ
)(
Tr
(
TχV
ν
χ
))2
F16,χ(h) .
(19)
with Wµνχ ≡ Wµν,aχ τa/2. In red color have been high-
lighted all those operators already listed in the context
of CP–violating EW chiral effective theories coupled to
a light Higgs in Ref. [55] and not provided in the left-
right symmetric EW chiral treatment of Refs. [48, 49].
Notice that operators {S10−14, χ(h), S16, χ(h)} containing
the contraction DµVµχ, (S13−14, χ(h) with double deriva-
tives of F(h)), are not present in Refs. [48, 49], and are
5the resulting additional ones after extending the SM lo-
cal symmetry through SU(2)R, being naturally allowed
by the local symmetries of the model. Notice as well
that the entire basis Si, R(h) contained in Eq. (19) (for
χ = R) comes out just from the straightforward parity
action under PLR of the operators tower Si, L in Ref.[55],
or in other words, the whole basis Si, R(h) is mapped from
Si, L(h) via PLR–transformation (concerning the Gold-
stone boson part only, i.e before gauging the scenario).
It can be realized that the number of independent oper-
ators in the non–linear expansion turns out to be larger
than for the analogous basis in the linear expansion, a
generic feature when comparing both type of effective
Lagrangians [58, 66]. The basis is also larger than that
for the chiral expansions developed in the past for the
case of a very heavy Higgs particle (i.e. absent at low
energies) [50–52, 54], as:
i) Terms which in the absence of the Fi(h) functions
were shown to be equivalent via total derivatives,
are now independent.
ii) New terms including derivatives of h appear.
The connection of the non-linear framework analysed
in here to the effective linear scenarios explicitly imple-
menting the SM Higgs doublet, has been done for the
CP–conserving Lagrangian Lchiral = L0 + ∆LCP,L pre-
viously through [56, 58], where all the corresponding
non–linear CP–conserving operators were correspond-
ingly weighted by powers of ξ = v2/f2L, in order to keep
track of their corresponding operator siblings in the linear
side. Likewise, a similar connection to the effective linear
scenarios has been done in [55] for the CP–violating non-
linear Lagrangian Lchiral = L0 + ∆L✟CP,L, where each
one of the operators in the tower of Eq. (19) (for the case
of χ = L) were weighted as well by their corresponding
powers of ξ = v2/f2L. For the whole CP-violating La-
grangian in Eq. (11) assumed in this work, such linking
between both of the EFT sides would lead to account for
the corresponding left–right symmetric extension of the
effective linear approaches and it is beyond the scopes of
this work.
Concerning the symmetry PLR mentioned in Sec-
tion II, in the context of a general effective SO(5)/SO(4)
composite Higgs model scenario [67], the discrete parity
PLR was shown to be an accidental symmetry up to p
2–
order and broken by several p4–operators. Exactly the
same properties are shared by the non-linear EW bosonic
G-invariant scenario studied recently in [47], as it is sus-
pected from the fact that SU(2)L ⊗ SU(2)R ∼ SO(4).
Indeed, the corresponding LO p2–Lagrangian analysed
there in [47], explicitly exhibited PLR as an acciden-
tal symmetry of the approach (before the gauging). At
higher momentum order in the Lagrangian expansion,
the p4–operators encoded in the corresponding ∆LCP did
not break PLR either. As soon as the p
4–operators made
of mixed left and right–handed covariant structures were
called in, non-zero contributions appeared to be trigger-
ing the breaking of PLR (see [47] for more details).
Up to now all the possible CP non–invariant pure
gauge and gauge–h interactions allowed by the local G
symmetry have been encoded up to the p4–non–linear op-
erators contribution in the first three pieces of Lchiral in
Eq. (11), i.e. in L0 + L0,LR + ∆L✟CP through Eqs. (12)-
(19). In the following section the SU(2)L − SU(2)R in-
terplay between both of the symmetries is faced by ac-
counting for all the possible left–right symmetric CP–
breaking interactions up to the p4-order in the chiral La-
grangianLchiral and parametrized by the remaining piece
in Eq. (11), i.e. ∆L✟CP,LR.
C. SU(2)L − SU(2)R interplay: ∆L✟✟CP,LR
The implementation of the covariant objects V˜µL(R),
T˜L(R) and W˜
µν
L(R) given in Eqs. (7), (8) and (9) respec-
tively, allows to build up the complete basis of indepen-
dent CP–violating operators accounting for the mixing
between SU(2)L and SU(2)R covariant structures, and
can be encoded as
∆L✟CP,LR = cW,LR SW,LR(h) +
16∑
i=3, i6=13,14
ci(j),LR Si(j),LR(h) ,
(20)
where the index j spans over all the possible operators
that can be built up from each Si,χ(h) in Eq. (19), and
here labelled as Si(j),LR(h) (as well as their corresponding
coefficients ci(j),LR), whilst the first term in ∆L✟CP,LR
encodes the operator
SW,LR(h) = −1
2
gL gR ǫµνρσTr
(
W˜µνL W˜
ρσ
R
)
FW,LR(h)
(21)
The complete set of operators Si(j),LR(h) in the second
term of ∆L✟CP,LR are listed as:
S3(1)(h) = i gL ǫµνρσ Tr
(
W˜µνL V˜
ρ
R
)
∂σF3(1)(h) , S9(2)(h) = i gR ǫµνρσ Tr
(
T˜R W˜
µν
R
)
Tr
(
T˜L V˜
ρ
L
)
∂σF9(2)(h) ,
S3(2)(h) = i gR ǫµνρσ Tr
(
W˜µνR V˜
ρ
L
)
∂σF3(2)(h) , S10(1)(h) = iTr
(
V˜
µ
LDνV˜νL
)
Tr
(
T˜R V˜µ, R
)
F10(1)(h) ,
S4(1)(h) = gLTr
(
W˜µνL V˜µ, L
)
Tr
(
T˜R V˜ν,R
)
F4(1)(h) , S10(2)(h) = iTr
(
V˜
µ
RDνV˜νR
)
Tr
(
T˜L V˜µ, L
)
F10(2)(h) ,
(22)
6S4(2)(h) = gR Tr
(
W˜µνR V˜µ,R
)
Tr
(
T˜L V˜ν, L
)
F4(2)(h) , S10(3)(h) = iTr
(
V˜
µ
LDνV˜νR
)
Tr
(
T˜L V˜µ,L
)
F10(3)(h) ,
S4(3)(h) = gLTr
(
W˜µνL V˜µ,R
)
Tr
(
T˜R V˜ν, R
)
F4(3)(h) , S10(4)(h) = iTr
(
V˜
µ
RDνV˜νL
)
Tr
(
T˜R V˜µ,R
)
F10(4)(h) ,
S4(4)(h) = gR Tr
(
W˜µνR V˜µ,L
)
Tr
(
T˜L V˜ν, L
)
F4(4)(h) , S10(5)(h) = iTr
(
V˜
µ
LDνV˜νR
)
Tr
(
T˜R V˜µ,R
)
F10(5)(h) ,
S4(5)(h) = gLTr
(
W˜µνL V˜µ,R
)
Tr
(
T˜L V˜ν, L
)
F4(5)(h) , S10(6)(h) = iTr
(
V˜
µ
RDνV˜νL
)
Tr
(
T˜L V˜µ,L
)
F10(6)(h) ,
S4(6)(h) = gR Tr
(
W˜µνR V˜µ,L
)
Tr
(
T˜R V˜ν, R
)
F4(6)(h) , S11(1)(h) = iTr
(
T˜LDµV˜µL
)
Tr
(
V˜
ν
R V˜ν, R
)
F11(1)(h) ,
S5(1)(h) = iTr
(
V˜
µ
L V˜
ν
L
)
Tr
(
T˜R V˜µ, R
)
∂νF5(1)(h) , S11(2)(h) = iTr
(
T˜RDµV˜µR
)
Tr
(
V˜
ν
L V˜ν, L
)
F11(2)(h) ,
S5(2)(h) = iTr
(
V˜
µ
R V˜
ν
R
)
Tr
(
T˜L V˜µ, L
)
∂νF5(2)(h) , S11(3)(h) = iTr
(
T˜LDµV˜µL
)
Tr
(
V˜
ν
L V˜ν, R
)
F11(3)(h) ,
S5(3)(h) = iTr
(
V˜
µ
L V˜
ν
R
)
Tr
(
T˜L V˜µ, L
)
∂νF5(3)(h) , S11(4)(h) = iTr
(
T˜RDµV˜µR
)
Tr
(
V˜
ν
L V˜ν, R
)
F11(4)(h) ,
S5(4)(h) = iTr
(
V˜
µ
L V˜
ν
R
)
Tr
(
T˜R V˜ν, R
)
∂µF5(4)(h) , S12(1)(h) = iTr
(
[V˜µL, T˜L]DνV˜νR
)
∂µF12(1)(h) ,
S5(5)(h) = iTr
(
V˜
µ
L V˜
ν
R
)
Tr
(
T˜R V˜µ, R
)
∂νF5(5)(h) , S12(2)(h) = iTr
(
[V˜µR, T˜R]DνV˜νL
)
∂µF12(2)(h) ,
S5(6)(h) = iTr
(
V˜
µ
L V˜
ν
R
)
Tr
(
T˜R V˜ν, R
)
∂µF5(6)(h) , S15(1)(h) = iTr
(
T˜L V˜
µ
L
)(
Tr
(
T˜R V˜
ν
R
))2
∂µF15(1)(h) ,
S6(1)(h) = iTr
(
V˜
µ
L V˜µ,L
)
Tr
(
T˜R V˜
ν
R
)
∂νF6(1)(h) , S15(2)(h) = iTr
(
T˜R V˜
µ
R
)(
Tr
(
T˜L V˜
ν
L
))2
∂µF15(2)(h) ,
S6(2)(h) = iTr
(
V˜
µ
R V˜µ, R
)
Tr
(
T˜L V˜
ν
L
)
∂νF6(2)(h) , S15(3)(h) = iTr
(
T˜L V˜
µ
L
)
Tr
(
T˜L V˜
ν
L
)
Tr
(
T˜R V˜ν, R
)
∂µF15(3)(h) ,
S6(3)(h) = iTr
(
V˜
µ
L V˜µ,R
)
Tr
(
T˜L V˜
ν
L
)
∂νF6(3)(h) , S15(4)(h) = iTr
(
T˜R V˜
µ
R
)
Tr
(
T˜L V˜
ν
L
)
Tr
(
T˜R V˜ν, R
)
∂µF15(4)(h) ,
S6(4)(h) = iTr
(
V˜
µ
L V˜µ,R
)
Tr
(
T˜R V˜
ν
R
)
∂νF6(4)(h) , S16(1)(h) = iTr
(
T˜LDµV˜µL
) (
Tr
(
T˜R V˜
ν
R
))2
F16(1)(h) ,
S7(1)(h) = gLTr
(
T˜L
[
W˜µνL , V˜µ, R
])
∂νF7(1)(h) , S16(2)(h) = iTr
(
T˜RDµV˜µR
) (
Tr
(
T˜L V˜
ν
L
))2
F16(2)(h) ,
S7(2)(h) = gR Tr
(
T˜R
[
W˜µνR , V˜µ,L
])
∂νF7(2)(h) , S16(3)(h) = iTr
(
T˜LDµV˜µL
)
Tr
(
T˜L V˜
ν
L
)
Tr
(
T˜R V˜ν,R
)
F16(3)(h) ,
S8(1)(h) = gL gR ǫµνρσ Tr
(
T˜L W˜
µν
L
)
Tr
(
T˜R W˜
ρσ
R
)
F8(1)(h) , S16(4)(h) = iTr
(
T˜RDµV˜µR
)
Tr
(
T˜L V˜
ν
L
)
Tr
(
T˜R V˜ν, R
)
F16(4)(h) ,
S9(1)(h) = i gL ǫµνρσ Tr
(
T˜L W˜
µν
L
)
Tr
(
T˜R V˜
ρ
R
)
∂σF9(1)(h) ,
(23)
where the suffix LR in all Si(j),LR(h) and their corre-
sponding Fi(j),LR(h) has been omitted as well. Among
the total 43 operators Si(j),LR(h) listed in Eqs. (22)-(23),
16 operators (highlighted in red color again) are miss-
ing in the left-right symmetric EW chiral treatment of
Refs. [48, 49]. Through the operators tower in Eqs. (22)-
(23) the definition for DµV˜µL(R) follows a similar one as
in Eq. (4)
DµV˜µL(R) ≡ U†L(R)DµVµL(R)UL(R) , (24)
where DµVνL(R) has been defined in Eq. (18). Notice that
operators S10(1−6)(h), S11(1−4)(h) and S16(1−4)(h) con-
taining the contractionDµVµL(R), whereas S12(1−2)(h) in-
volving one derivative of F(h), are not present in [48, 49],
7PLR symmetry
⇐⇒
S5(1,3,5)(h) S5(2,4,6)(h)
S6(1,3)(h) S6(2,4)(h)
S10(1,3,5)(h) S10(2,4,6)(h)
S11(1,3)(h) S11(2,4)(h)
S12(1)(h) S12(2)(h)
S15(1,3)(h) S15(2,4)(h)
S16(1,3)(h) S16(2,4)(h)
TABLE I: PLR–symmetry acting over a subset of operators
from ∆L
✚CP,LR
in Eqs. (22)-(23). The rest of the operators
from ∆L
✚CP,LR
not listed here are PLR–even. For the CP–
violating case, there are no operators explicitly breaking PLR,
although some non-linear CP–conserving p4–operators will trig-
ger its breaking [47].
and are the resulting additional ones from the allowed
SU(2)L–SU(2)R interplay of ∆L✟CP,LR, together with
the PLR–symmetry.
The interplaying CP–breaking non–linear operators
listed in Eqs. (22)-(23), can be catalogued as:
a) S3(1−2)(h), S4(1−6)(h), S5(1−6)(h), S6(1−4)(h),
S7(1−2)(h), S8(1)(h) and S9(1−2)(h) coming from
a direct extension of the original Appelquist-
Longhitano chiral Higgsless basis already consid-
ered in [50–54] (for the CP–breaking sector), cou-
pled to the light Higgs F(h) insertions, and after
applying the discrete parity PLR.
b) S10(1−6)(h), S11(1−4)(h) and S16(1−4)(h) containing
the contraction DµVµχ and no derivative couplings
from F(h).
c) S3(1−2)(h), S5(1−6)(h), S6(1−4)(h), S7(1−2)(h),
S9(1−2)(h), S12(1−2)(h) and S15(1−4)(h) with one
derivative coupling from F(h).
Finally, the transformation properties under the parity
symmetry PLR of some of the operators from ∆L✟CP,LR
in Eqs. (22)-(23) are exhibited in the Table I, with the
operators not collected in there transforming as PLR–
even. Compact notation Si(j,k,l),LR(h) in the left column
stands for operators Si(j),LR(h), Si(k),LR(h), Si(l),LR(h)
reflected to Si(m),LR(h), Si(n),LR(h) Si(p),LR(h) (or vice
versa) respectively, and collected by the operator nota-
tion Si(m,n,p),LR(h) in the right column. As it can be no-
ticed, the PLR still holds as an accidental symmetry up
tp p4–contributions in the Lagrangian expansion. Con-
versely, some non-linear CP–conserving p4–operators will
trigger its breaking explicitly [47], as it was expected from
the general composite Higgs models grounds [67, 68].
Some of the CP non–conserving bosonic operators pro-
vided above can be directly translated into pure bosonic
operators plus fermionic-bosonic ones. In fact, some of
the operators in Eq. (19) (for the case of χ = L) had not
been explored, but traded instead by fermionic ones via
the equations of motion [61]. Such connection can be es-
tablished through the covariant derivative DµVµχ and the
corresponding equation of motion (EOM) for the light
Higgs field, as it has been described in the non–linear
left–right CP–conserving treatment of Ref. [47]. Follow-
ing the same reasoning line as in [47], it is inferred that
• For the massless fermion case, operators
{S10−12, R(h), S14, R(h), S16, R(h)} with the
contraction DµVµR in Eq. (19), can be traded
by pure bosonic operators contained in ∆L✟CP
(Eq. (19)), some of them with the structure
DµVµL, and therefore they can be disregarded
from the final operator basis in ∆L✟CP. Similar
feature applies for the operators S10(1−6)(h),
S11(1−4)(h), S12(1−2)(h), and S16(1−4)(h) from
∆L✟CP,LR (Eqs. (22)-(23)). In general, for the
massive fermion case, all the previous operators
have to be retained in the final basis.
• For the vanishing fermion case, operator S13, R(h)
with double derivatives of F(h) in Eq. (19) is
rewritable in terms of bosonic operators, with
some of them contained in ∆L✟CP and others in
∆L✟CP,LR, and thus can be disregarded from the
final operator basis. No operators from ∆L✟CP,LR
(Eqs. (22)-(23)) are trade-able to bosonic operators
as there is no double derivative couplings of F(h)
in ∆L✟CP,LR. When fermion masses are switched
on, S13, R(h) is physical and it has to be included
in the final basis.
D. Integrating-out heavy right handed fields
It is possible to integrate out the right handed gauge
fields from the physical spectrum via the equations of
motion for the strength gauge fields Wµ,aR as it was
done for the CP–conserving case in [47, 69]. A non-
trivial EOM for the CP–violating case is obtained by
including the analogous right handed counterparts for
the strength kinetic and custodial conserving terms
of L0 in (12), together with the mixing effects from
the term cC,LR PC,LR(h), with cC,LR the coefficient
for the CP–conserving left–right operator PC,LR(h) =
− 12 fL fR Tr
(
V˜
µ
LV˜µ, R
)
FC,LR(h). By accounting for
these contributions it is obtained then
V
µ
R ≡ −ǫ VµL , with ǫ ≡
fL
fR
cC,LR . (25)
8The latter relation can be translated into the unitary
gauge as
W±µ, R ⇒ −
gL
gR
ǫ W±µ, L ,
W 3µ,R ⇒
g′
gR
(1 + ǫ)Bµ − gL
gR
ǫ W 3µ,L
(26)
By replacing the Eq. (25) through (16)-(19) (for χ = R)
and (20)-(23), all the right handed and left-right opera-
tors will collapse onto the left ones, affecting the corre-
sponding global coefficients ci,L in a generic manner as
ci,L =⇒ c˜i,L = ci,L +
4∑
k=1
ǫk F (k) (ci,R, ci(j), cl(m))
(27)
where the functions F (k) (ci,R, ci(j), cl(m)) will encode
linear combinations on the coefficients ci,R, ci(j) and ad-
ditional mixing left-right operators via cl(m). The num-
ber of fields VµR through each one of the right and left–
right operators determines the fL/fR–suppression for the
contributions induced onto the left handed operators.
Consequently, in the limiting case fL ≪ fR at low en-
ergies, it is realized that the set of non-linear operators
{SB(h), S2D,L(h), S2,L(h)} (28)
is sensitive to the contributions, up to the order O(ǫ),
from the right handed operators
{SW,R(h), S1,R(h), S8,R(h)} (29)
and the mixing left–right set
{S2D,LR(h), S9(2)(h)} . (30)
It can also be realized that the CP–violating self-
couplings of the electroweak gauge bosons will be sen-
sitive only to the left handed operators at low ener-
gies. In fact, following Ref. [70], the CP-odd sector of
the Lagrangian that describes triple gauge boson vertices
(TGVs) can be parametrised as
LWWVeff,✟CP = gWWV
(
gV4 W
†
µWν(∂
µV ν + ∂νV µ)− iκ˜VW †µWν V˜ µν − i λ˜VM2
W
W †σµW
µ
ν V˜
νσ
+g˜V6 (W
†
ν ∂µW
µ +Wν∂µW
†µ)V ν + g˜V7 W
†
µW
µ∂νVν
)
, (31)
where V ≡ {γ, Z} and gWWγ ≡ e, gWWZ ≡ e cW /sW ,
withW±µν and Vµν standing for the kinetic part of the im-
plied gauge field strengths. The dual field-tensor of any
field strength Vµν is defined as V˜
µν ≡ 12ǫµνρσVρσ . The
compact notation cW ≡ cos θW and sW ≡ sin θW is im-
plicit, with θW the Weinberg angle. In writing Eq. (31)
we have introduced the coefficients g˜V6 and g˜
V
7 associ-
ated to operators that contain the contraction DµVµ; its
∂µV
µ part vanishes only for on-shell gauge bosons; in all
generality DµVµ insertions could only be disregarded in
the present context when fermion masses are neglected.
In the SM all couplings in Eq. (31) vanish.
Electromagnetic gauge invariance requires gγ4 = 0,
while g˜γ6 = g˜
γ
7 = λ˜γ = λ˜Z = 0. All the other effective
couplings in (31) are given by
κ˜γ = −4e
2
s2W
(c1,L + 2 c8,L) , κ˜Z =
4e2
c2W
(
c1,L − 2 c
2
W
s2W
c8,L
)
gZ4 =
e2
2c2Ws
2
W
c4,L, g˜
Z
6 =
e2
2c2W s
2
W
(c4,L + c10,L) ,
g˜Z7 = −
e2
2c2W s
2
W
(c4,L − 2 c11,L) .
(32)
An additional contribution to the ZZZ vertex arises out
from the operators S10−11,L(h) and S6,L(h) as
L3Zeff,✟CP = g˜3Z ZµZµ∂νZν , (33)
with
g˜3Z =
e3
2c3W s
3
W
(c10,L + c11,L + 2c16,L) , (34)
which, alike to the phenomenological couplings g˜V6 and
g˜V7 in Eq. (31), vanishes for on-shell Z bosons and in
general can be disregarded in the present context when
the masses of fermions coupling to the Z are neglected.
The coupling κ˜γ induces one-loop contributions to the
fermion electric dipole moments (EDMs), the which are
generically the best windows on BSM sources of CP-
violation, due to the combination of the very stringent
experimental bounds with the fact that they tend to be
almost free from SM background contributions. The am-
plitude corresponding to the one-loop fermionic EDM can
be parametrised as
Af ≡ −i df u (p2) σµνqνγ5 u (p1) , (35)
where df denotes the fermionic EDM strength. The 1–
9loop integral diverges logarithmically3; assuming a phys-
ical cut-off Λs for the high energy BSM theory, following
the generic computation in Ref. [72] and implementing
the coupling κ˜γ in (32), we obtain the EDM coefficient
df = (c1,L + 2 c8,L)
e3GF T3L√
2π2 s2W
mf
[
log
(
Λ2s
M2W
)
+O(1)
]
,
(36)
where T3L stands for the fermion weak isospin and GF
the Fermi coupling constant. The present experimental
bound on the electron EDM [73] |de/e| < 8.7× 10−29 cm
at 90% CL, and the corresponding one for the neu-
tron [74] |dn/e| < 2.9 × 10−26 cm at 90% CL4, entails
then a limit5∣∣∣∣(c1,L + 2 c8,L) [log( Λ2sM2W
)
+O(1)
]∣∣∣∣ < 5.2(2.8)×10−5 .
(38)
Direct constraints on CP-violating effects in the WWZ
vertex can be imposed by combining the results using
the LEP collaboration studies on the observation of the
angular distribution of W ′s and their decay products in
WW production at LEPII [76–78]. Such combination
yields the 1σ (68% CL) constraints [55]
−1.8 ≤ c4,L ≤ −0.50 , −0.29 ≤ c1,L−2 c
2
W
s2W
c8,L ≤ −0.13 .
(39)
Effective CP–violating hV V –couplings turns out to be
also affected in the framework. In particular the vertex
hZZ can be parametrized as
LhV Veff,✟✟CP ⊃ g˜HZZ hZµν Z˜
µν , (40)
with a tree level contribution
fL c
2
W
4e2s2W
g˜HZZ =− 1
4
aˆB˜ +
c4W
s4W
aˆ8,L − c
2
W
s2W
aˆ1,L +
1
2s2W
aˆ2,L+
− c
4
W
8s4W
aˆW,L − c
2
W
2s4W
aˆ9,L − c
2
W
4s4W
aˆ3,L
(41)
where the coefficients aˆi are defined for simplicity as aˆi ≡
ciai, with ai the coefficients from the F(h)–definition
in (10). The coupling g˜HZZ is useful in parametrising
the decay h → ZZ as [16, 79]. In Ref. [79] a measure of
CP-violation in the decay h→ ZZ∗ → 4 l was defined as
fd2 =
|d2|2σ2
|d1|2σ1 + |d2|2σ2 (42)
3 For a specific UV model which does not lead to logarithmic di-
verging EDM see [71].
4 Constituent quark masses mu = md = mN/3 have been used.
5 Weaker but more direct bounds on these operators can be im-
posed from the study of Wγ production at colliders. For exam-
ple, in Ref. [75] it was concluded that the future 14 TeV LHC
data with 10 fb−1 can place a 95% CL bound
|κ˜γ | ≤ 0.05 =⇒ |c1,L + 2c8,L| ≤ 0.03 . (37)
where
d1 = 2 i , d2 = −2 i fL g˜HZZ , (43)
with fL the EW scale and σ1 (σ2) the corresponding cross
section for the process h → ZZ when d1 = 1 (d2 = 1)
and d2 = 0 (d1 = 1). For Mh = 125.6 GeV,
σ1
σ2
= 6.36.
In Ref. [79] fd2 was fitted as one of the parameters of
the multivariable analysis, obtaining the measured value
fd2 = 0.00
+0.17
−0.00, implying then
|d2|
|d1|
= 0.00+1.14−0.00 and
pointing to the CP-even nature of the state. Further-
more, 95% CL exclusion bounds on fd2 were derived
as fd2 < 0.51, entailing thus
|d2|
|d1|
< 2.57. We can di-
rectly translate these bounds to 68 (95)% CL constraints
on the coefficients of the relevant CP-violating operators
through the coupling in (41) as
fL c
2
W
4 e2 s2W
g˜HZZ ≤ 10.3 (23.3) . (44)
None of the involve coefficients through the previous cou-
plings receive contributions at low energies from the right
handed operators nor the left–right ones. For a high en-
ergy scale fR not far above the EW scale fL, additional
operators would contribute onto the left handed ones
as the ratio fL/fR would be non-negligible. Nonethe-
less , these additional contributions turn out to be small
as the small allowed range −0.02 < cC,LR < 0.02 [69]
suppresses the scale ratio and therefore the parameter
ǫ in (25). For the hypothetical case of cC,LR ∼ 1 and
fR ≈ fL, the right and left–right operators contribution
are enhanced, and all the coefficients through the cou-
plings in (32), (34), (38), (39) and (41) become
c˜B = cB + ǫ
[
2 cW,R − 4 c8,R − 4 (c1,R + c8,R)
]
,
c˜W,L = cW,L − 2 ǫ cW,LR ,
c˜1,L = c1,L +
ǫ
4
[
cW,R − 4 (c1,R + c8,R)
]
,
c˜2,L = c2,L − ǫ
[
(a2,R c2,R + a9,R c9,R)
a2,L
− a9(2) c9(2)
a2,L
]
,
c˜3,L = c3,L − ǫ
a3(1) c3(1) + a3(2) c3(2)
2a3,L
+
− ǫ a9(1) c9(1) + a9(2) c9(2)
a3,L
,
c˜4,L = c4,L − ǫ
2
(
c4(1) + c4(4) + c4(5)
)
,
c˜8,L = c8,L − ǫ c8(1) ,
c˜9,L = c9,L − ǫ
a9(1) c9(1) + a9(2) c9(2)
a9,L
,
c˜10,L = c10,L − ǫ
(
c10(1) + c10(3) + c10(6)
)
,
c˜11,L = c11,L − ǫ
(
c11(2) + c11(3)
)
,
c˜16,L = c16,L − ǫ
(
c16(2) + c16(3)
)
.
(45)
Counting the number of right handed and left–right op-
erators appearing through the coefficients in (45), lead
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us to have finally an effective set of 40 operators in to-
tal = 20 left ops. (set in Eq. (17)+Eq. (19)) + 5 right
ops. (in Eq. (45)) + 15 left–right ops (in Eq. (45)). A
right handed gauge sector far above the EW scale will im-
ply a hierarchical case with NP effects parametrized via
a much smaller operator basis as the fL/fR–suppression
would entail, and leaving us therefore with 25 operators
in total = 20 left ops. + 3 right ops. (in Eq. (29)) + 2
left–right ops (in Eq. (30)).
IV. CONCLUSIONS
The electroweak interactions taking place in our nature
have exhibited a non–exact product of the charge conju-
gation and parity symmetries of particle physics. More-
over, the observed matter–antimatter asymmetry of our
universe compel us for considering new sources of CP–
violation, that are signalled as well by the extreme fine-
tuning entailed by the strong CP problem.
Low energy effects from a CP–violating sector may be
sourced from a NP field content playing a role at high
energy regimes, reachable at the LHC, future facilities
and colliders. An effective approach is in order thus to
parametrize all those effects. In this paper, and con-
cerning only the bosonic gauge sector, the NP field con-
tent is dictated by the existence of a spin–1 resonance
sourced by the extension of the SM local gauge symme-
try GSM = SU(2)L ⊗U(1)Y up to the larger local group
G = SU(2)L ⊗ SU(2)R ⊗ U(1)B−L, here described via
a non–linear EW scenario with a light dynamical Higgs,
up to the p4-contributions in the Lagrangian expansion,
and focused only on the CP–violating sector.
This paper completes the CP–violating pure gauge and
gauge-h operator basis given in Refs. [48, 49] (for the CP–
breaking sector) in the context of left–right symmetric
EW chiral models, completing and generalizing as well
the work done in Refs. [50–54] (for the CP–violating sec-
tor) with a heavy Higgs chiral scenario, and extending as
well Ref. [55] for the CP–violating light Higgs dynamical
framework, to the case of a larger local gauge symmetry
G in the context of non-linear EW interactions coupled
to a light Higgs particle.
The work done in here may be considered as well as a
generic UV completion of the low energy non-linear ap-
proaches of Refs. [50–54] (for the CP–breaking sector)
and Ref. [55], assuming the extended gauge field sector
arising out from an energy regime higher than the EW
scale. The physical effects induced by integrating out the
right handed fields from the physical spectrum are anal-
ysed, in particular, the effects on the CP–violating gauge
couplings (Eqs. (31)-(34), (37) and (39)), EDM observ-
ables (Eqs. (36) and (38)), effective coupling hZZ and
CP-violation in the decay h → ZZ∗ → 4 l (Eqs. (40)-
(41)). The relevant set of operators have been identified
at low energies, 25 operators in total = 20 left ops. + 3
right ops. (in Eq. (29)) + 2 left–right ops (in Eq. (30)).
More low energy effects from a higher energy gauge sec-
tor [69, 80] could shed some light on the underlying NP
playing role in our nature, and likely will aid us in under-
standing better the origin of the electroweak symmetry
breaking mechanism.
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